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Results of a report [1] on the comparative cost analysis of pozzolana in concrete from agro-wastes showed that rice husk ash best satisfied the cost requirement at a price equivalent of cement of 1015 using the 50kg bag size. The market price of cement at the time of the research hereby reported hovered around N2,000 for the same bag size. ASTM C618 [2] defined pozzolana as "siliceous or siliceous and aluminous material which in themselves have little or no cementitous properties but in finely divided form and in the presence of moisture they can react with calcium hydroxide which is liberated during the hydration of Portland cement at ordinary temperatures to form compounds possessing cementitous properties". Pozzolana have the characteristics of combining with the free lime liberated during the hydration process of OPC to produce stable, insoluble calcium silicates thus reducing the process of mortar and concrete attacks from sulphates, salts and chlorides [3] . The free limes are shown in the hydration equations of cement as given below [4] :
(2) Where C3S and C2S are the Tricalcium Silicate and Dicalcium Silicate compounds in cement. Ca(OH)2 is the free lime (Calcium Hydroxide).
By-products mineral admixtures such as fly ash, rice husk ash and ground granulated blast furnace slag contribute to improvement of concrete performance (for example, high strength, high durability and reduction of heat of hydration) as well as reduction of energy and carbon dioxide generated in the production of cement [5] . Fonio is the name given to cultivated grains in the Digitaria genius. It is called "Acha" by Hausa speaking people of Northern Nigeria. The grains are quite small and look like millet in appearance. It is commonly found in West Africa and presents itself in two forms namely; White Fonio (Digitaria Exilis) and Black Fonio (DigitariaIburua). Among these two varieties, the white fonio is the most important and popular due to its uses and ease of cultivation. De-husking of the fonio seed is done traditionally by pounding the harvested fruit in a mortar with sand and then separating the grains, sand and husk by winnowing and further pounding. Fonio husks are the hard protecting coverings of the grains. Fonio has the potential just like any other common cereal to improve nutrition. It is used to prepare porridge and in bakery. It is also used in brewery and drug manufacturing. After harvest, the husk is often heaped up to constitute environmental nuisance. This is often the case with post-harvest Agricultural wastes. The problem of waste accumulation exists worldwide. The use of rejected materials is a subject of world research [6] . The Fonio husk is no exemption, being a post-harvest Agro-waste material. Sometimes they are fed to livestock and used for fuel generation by the locals. Extensive research activities has been carried out on the ashes of many agro waste materials with the intent of producing concrete and mortar through partial replacement of OPC. In the case of Rice Husk Ash (RHA) -cement composites, it was shown that at w/c ratio of 0.30 and OPC replacement level of 20%, RHA mortar resulted in higher compressive strength compared to the control for both water cured and uncured cubes. It also improved in durability properties [7] . At the same 20% in another report [8] , compressive strength and porosity of cement mortar showed better result over plain mortar. Still on RHA mortar, two reports gave optimum compressive strengths at 10% and 15% respectively [9] , [10] . Also the presence of RHA and cement kiln dust in cement pastes improved the resistance of the mortar to sulfuric acid attack [11] . Palm Kernel Shell Ash (PKSA) did not improve the strength of concrete. It was reported that at 10% replacement level the compressive strength was 22.8 N/mm² after 28 days of curing [12] . In another report, Palm Oil Fuel Ash (POFA) improved the strength, chloride and corrosion resistance of concrete at 20% optimum replacement level [13] . Similar work was conducted on Bamboo Leaf Ash with encouraging results [14] . In the case of Guinea Corn Husk Ash (GCHA), it was conveniently concluded in a report that after 28 days curing period the optimum strength of 26.27N/mm 2 was at 5% replacement level while plain concrete had a value of 25.50N/mm 2 [15] husk were burnt up to 600 0 C using a regulated incinerator at the Industrial Design Programme of the Abubakar Tafawa Balewa University Bauchi. The ash was allowed to cool before grinding to a very fine texture and then allowed to pass through 0.250 ASTM sieve (250µm). Clean tap water from the laboratory was used, it had no impurities. The tap water source was from boreholes that supplied the campus. The vicat apparatus was used to determine the consistency and setting time of the pozzolanic paste in accordance with BS1881 [16] .The water cement ratio that gives a plunger penetration of 5 to 7mm above the bottom of the mould is the standard consistency. The Initial Setting Time (IST) is the time taken from mixing with water until the paste has stiffened for the needle to penetrate not deeper than 5mm above the bottom of the mould. The Final Setting Time (FST) is determined by replacing the needle with annular attachment. The FST is the time from mixing with water to when the needle makes an impression on the surface but annular cutting edge fails to do so.The above experiments were repeated for 0%, 5%, 10%, 15%, 20%, and 25% replacement levels. [17] . Three samples each of FHA, Fine sand, Coarse aggregate and OPC were taken each put into a clean tin container respectively with a known weight, then the sample and the weight of the container were determined. The samples were then left in the oven for 24 hours at a temperature of 100 o C. It was removed and weighed. The average of the values were used. The moisture content was calculated using: [18] . FHAC cubes with size 150 x 150 150mm were moulded. The 1: 2: 4 mix ratio was adopted. The ratio was that of OPC (with levels of FHA), fine aggregate and coarse aggregate. The water -cement ratio was 0.65. The cubes were cast for replacement levels of 0%, 5%, 10%, 15%, 20%, and 25% and cured for 7 days and 28 days respectively. For each mix, 3 cubes were crushed to obtain the average strength. The compressive strength is a measure of the ratio of the crushing force over the cross sectional area of the cube. [19] . 72 beams with 1:2:4 mixes were cast for replacement levels of 0%, 5%, 10%, 15%, 20%, and 25% and cured for 7 days and 28 days respectively. For each mix, three beams were crushed to obtain the average Modulus of Rupture (MOR). The symmetrical twopoint loading approach was adopted and the MOR was computed from the expression:
Chemical
Where, P is maximum total load on the beam, L is the span, b is the width of the beam and d is the depth of the beam. [20] and in conjunction with compressive strength test. At the end of each curing period, the concrete cubes were weighed using an electric weighing machine balance. The averages of 3 samples were used. Density is calculated as mass of mortar cube (kg) divided by volume of mortar cube (m 3 ) and expressed in kg/m 3 . Table 1 . The total combined content of silica (SiO2), alumina (Al2O3) and ferric oxide (Fe2O3) was 71.14%. ASTM C618 [2] specifies that any pozzolana that will be used as a cement blender in concrete requires a combined minimum of 70% of silica, alumina and ferric oxide. Hence FHA is suitable as a pozzolana in concrete production. Also SO3 content of 0.30% is below the maximum content of 5% specified in the same ASTM C 618. An excess of SO3 can lead to expansion and subsequent disruption of the set cement paste. The ash was therefore adjudged a suitable pozzolana.
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Some Physical Properties of FHAC Constituents
Properties of FHAC Constituents Properties of FHAC Constituents Properties of FHAC Constituents The Table 2 shows some physical values of the FHAC composite constituents used in the experimental programme. The physical properties include moisture content of FHA-cement paste, fineness modulus and pH of FHA. The results show that FHA had higher water content and as expected, an alkaline material. (1) and (2) to produce binding properties. The very high C2S value show that FHA has very high SiO2 component. Since C2S is controlled by its slow intrinsic slow rate of reaction, then its' very high composition in FHA may have contributed to the slower setting times when compared with 0% FHA paste. The slower setting time characteristic will be useful in mass and hot weather concreting. Figure 1 . The compressive strength of 28day plain concrete was 24.98 N/mm 2 . The value increased by 7.65% to 26.89 N/mm 2 at 5% FHA. The same trend was reported with the concrete produced with Guinea Corn Husk Ash (GCHA) as partial replacement for cement [15] . This trend will therefore require further investigations. However, the values decreased with further increase in ash content. It is apparent that a 5% replacement level will produce the optimum strength. However the trend of the compressive strength shows that replacing cement with more than 10% FHA will not give required strength for strong concrete that is capable of bearing heavy load, as it decreased by 23.5% to 19.11N/mm 2 . Reports on Corn Cob Ash (CCA) Cement Concrete [21] on the effect of admixtures, showed that compressive strength improved by 9.99% with accelerator, by 29.1% with plasticizer and by 14.2% with water reducer and retarder. This suggests that concrete from pozzolanas may produce higher strengths if injected with admixtures. However this will need to be investigated for other ashes. A comparative study report [22] on some agro waste ashes showed that compressive strength of concretes made from them generally decreased in values from 10 or 20% replacement levels. These were with ashes from Barbara Nutshell (35% reduction at 10% replacement), Bone Powder (7.14% reduction at 10%), Groundnut (16% at 10%) and Wood (45% at 10%). This is most likely due to lack of adequate free lime released from the oxidation of C3S and C2S. A previous report [23] on the use of Bagasse Ash replacement showed increase in strength of the concrete so produced at 10 -30% replacement levels. Figure 3 . The density value slightly increased from 0% FHA level to an optimum value at 5% before decreasing, for the 28day FHAC. The trend is similar to that of compressive strength. However, the FHAC cannot be classified as a lightweight concrete. CONCLUSION CONCLUSION CONCLUSION Fonio Husk Ash has been studied and found to be a pozzolana. It can be used to replace cement in concrete production up to 10% without affecting the compressive strength. The optimum percent level is however 5%. The almost insignificant C3S component content may have affected the quantity of free lime available to react with the silicate in FHA to sustain a stronger concrete mass beyond the optimum 5% level. But this was compensated for by the high C2S value. Could there be a link between low C3S, high C2S and optimum strength values at lower percent levels?. The concrete also possesses setting times that were above plain concretes, that makes it more suitable for use in hot climates and in mass concreting. This can be attributed to high C2S value which slowed down reactivity. Admixtures may be added to improve performance and strength based earlier works reported. Further work on parameters like water absorption capacity, permeability and other durability parameters on concrete is suggested.
